have shown that presenting subjects with associatively related words (e.g., door, glass, pane, shade, ledge) can induce high levels of false recall and false recognition of a related but nonpresented word (e.g., window). This basic observation has since been replicated and extended (e.g., McDermott, 1996; Payne, Elie, Blackwell, & Neuschatz, 1996; Read, 1996; Robinson & Roediger, 1997) . Most of the related studies have manipulated independent variables and observed the effects on the level of false recall or false recognition. In many ways, the related but not presented words (often called "critical nonpresented words") behave as if they were present in the list: They show testing effects (Roediger & McDermott, 1995) , a greater probability of recall after blocked than random presentation (McDermott, 1996) , and diminished false recall under divided attention (Payne, Lampinen, & Cordero, 1996) ; finally, metamemory judgments are surprisingly similar for studied and critical nonpresented words (Roediger & McDermott, 1995; Payne, Elie, et al., 1996) , although some differences have been noted (Mather, Henkel, & Johnson, 1997; Norman & Schacter, 1997) . The goal of the present experiments was to determine whether the related nonpresented words would demonstrate priming on perceptual and conceptual implicit memory tests.
With respect to perceptual implicit memory tests, three predictions are possible. On the basis of the finding that in many ways the critical nonpresented words behave as if they were presented in the list, one might predict that reliable priming would occur and that the level of priming would be identical to that for studied words. However, two other, more theoretically driven, predictions are possible. An unresolved question with respect to the critical nonpresented words is whether they are based on unconscious arousal during the study episode (as in Collins & Loftus's, 1975 , spreading activation account) or whether they come consciously to mind during the study phase (as in Underwood's, 1965 , notion of implicit associative responses). In the former case, the literature on verbal perceptual implicit memory tests would suggest that no perceptual priming should occur: Activation at the semantic level alone (in the absence of conscious lexical activation) produces no perceptual priming (see, e.g., Weldon, 1991) . For example, cross-language priming generally does not occur (Durgunoǧlu & Roediger, 1987) , and pictures usually do not prime completion of their visual word forms (McDermott & Roediger, 1994; Weldon & Roediger, 1987) . However, when a studied word is explicitly thought of (even in the absence of sharing perceptual features with the test word), perceptual priming can occur. For example, generating a word to a conceptual cue (e.g., hot-c_____) leads to priming (Jacoby, 1983; Masson & MacLeod, 1992) , as does hearing the word (Rajaram & Roediger, 1993) . This abstract priming, which is presumably due to activation of the lexical representation of the word, is typically about half as great as the priming obtained from reading the word.
In summary, one could reasonably make three predictions with respect to the possibility of perceptual priming of the critical nonpresented words. If these words behave as though they were presented, perceptual priming would be equivalent to that of studied words. The implicit memory literature would lead one to predict that if the critical nonpresented word is consciously activated in the study phase, there should be a modest amount of priming of the word. Finally, if there is no conscious activation of the item during study, there should be no perceptual priming. Roediger and McDermott (1995) presented lists of semantic associates (e.g., door, glass, pane, shade, ledge) to induce false recall of related, nonpresented words (e.g., window). This study procedure was used in an attempt to determine whether associative activation of target words would be sufficient to produce priming on perceptual implicit memory tests. Priming of the nonpresented items occurred on both word stem completion and word fragment completion, but the level of priming was generally lower than for items that had been studied. Priming of the related, nonpresented words occurred on a conceptual implicit test of word association; further, the level of priming was equivalent to that of presented words.
Theories of conceptual implicit memory would lead one to make the straightforward prediction that reliable priming of the critical nonpresented word will occur. For example, transfer appropriate processing theory holds that conceptual memory tests (whether explicit or implicit) should behave similarly (Roediger, 1990; Roediger & Blaxton, 1987) ; therefore, if false recall is present on free recall, priming of these items should occur on a conceptual implicit memory test. However, Cramer (1965) reported a failed attempt to obtain conceptual priming under conditions similar to those used here, although she did observe both priming of presented items and false recall.
Other empirical results call into question the possibility of obtaining conceptual (and perceptual) priming following presentation of associated words. McDermott and Roediger (1996) failed to find priming on a category association test (as well as a fragment completion test) following presentation of a single associate in the study phase (e.g., study of tusk failed to prime elephant when given the category name animals). In addition, Mandler, Graf, and Kraft (1986) found no stem completion priming (but did find false recognition) following presentation of five words categorically related to their nonpresented targets. Therefore, although theories of conceptual implicit memory would predict priming under the study conditions employed in the present experiments, the existing literature does not demonstrate such effects, albeit with less powerful associative presentations in the study phase.
Four experiments are reported in the present paper. (Actually, Experiments 1-3 were between-subjects conditions of one very large experiment; they are reported separately for ease of exposition.) Experiment 1 demonstrates that under the conditions employed in the present experiments, reliable false recall is obtained. Experiment 2 employs a word association test to demonstrate conceptual priming for the critical items. Experiments 3 and 4 use word stem and word fragment completion tests to show that perceptual priming can be achieved for nonpresented associates of studied items.
A similar logic was used in all experiments. For each associative list presented to subjects, the critical word that links the associates together was sometimes presented in the list and other times not. This manipulation allowed a comparison of performance for presented and nonpresented items across the same sets of items.
EXPERIMENTS 1-3
The use of implicit memory tests necessitated changes from the standard associative false recall paradigm (Roediger & McDermott, 1995) . Most notably, to disguise the relation between the study and test episodes, the implicit tests occurred after presentation of all the lists (instead of occurring after each individual list). In addition, lists were presented visually (instead of auditorily), and they were shortened (from 15 items to 12). An absence of priming of the critical nonpresented items would be interesting only under conditions in which reliable false recall of these items is observed. Therefore, Experiment 1 used free recall to demonstrate false recall under this set of study conditions. Experiments 2 and 3 used the same study procedure as Experiment 1, but the memory test in Experiment 2 was a conceptual implicit memory test (word association), and in Experiment 3 it was a perceptual implicit memory test (word stem completion).
Method
Subjects. Subjects were 180 recruits going through basic training at Lackland Air Force Base in San Antonio, Texas. They were tested in groups of 40 or fewer. Sixty subjects participated in each experiment.
Design and Materials. Eighteen 12-item lists were created. These lists were a modified subset of the materials used by Roediger and McDermott (1995, Appendix A) . The materials for all experiments in this article can be obtained at the author's website (http://www.artsci.wustl. edu/~ebergman/kath.htm). The lists were truncated and modified so that none of the critical words shared the same ordering of the first three letters with any of the other list words. (This modification was necessary because the test cues in Experiment 3 were three-letter stems, and the stems should correspond to no more than one experimental item.) The lists were divided into three subsets, which were roughly equated on two dimensions: the probability of false recall of the critical nonpresented item and the baseline probability of completing the stem of the critical item with the target word. The latter probabilities were obtained by preexperimentally administering the stem completion task to 151 subjects from the same subject population in an unprimed condition.
An extralist associate was chosen for each list's critical item. These associates were used as cues in the word association test in Experiment 2. The associate was generally only weakly related to the critical item because of this (extralist) restriction; most of the strongest associates occurred in the study list. Extralist associates were thought to be preferable to intralist associates to minimize the chance that subjects would treat the task as an explicit memory test.
Each subject studied two of the three sets of lists. One studied set was assigned to the nonpresented condition, in which the critical item around which the list was constructed was not presented. (Note that the list itself was studied in the nonpresented condition, but the critical linking item [e.g., window] was not present in the studied list.) This condition is the one in which false recall (Experiment 1) and possible priming of nonpresented items (Experiments 2 and 3) would be measured. The second set of lists was assigned to the presented condition, in which the critical item appeared in the list; it always replaced the word in the fourth serial position. The third set was not studied and was used to determine baserate responding on the implicit tests. Assignment of list set was completely counterbalanced so that each set served in each condition (presented, nonpresented, nonstudied) an equal number of times across subjects.
Procedure. Subjects in the three test conditions were treated identically in the study phase. They received different treatments beginning at the time of test instruction. Within each experimental session, an approximately equal number of subjects was arbitrarily assigned to each testing condition.
Under intentional learning conditions, subjects were presented with the 12 study lists on a computer screen. They were told that the words they would study would be presented in "small groups" and that they should press the Enter key when prompted, after each group of words. Individual words appeared for 2 sec, followed by a 500-msec interstimulus interval.
Following the study procedure, test instructions were administered. Subjects in the free recall condition were given blank sheets of paper and instructed that they should write down as many words as they could recall from the list. Subjects were told that they should be confident that every word they wrote down had been presented in the list (i.e., they were not to guess). The recall period lasted 15 min.
Subjects in the word association condition were given 25 items at test. The test consisted of 18 cues that were associated to the critical items from each of the 18 lists (6 items corresponding to each study condition-presented, nonpresented, nonstudied); the test also included seven filler items that seemed relatively unassociated with any of the lists. Therefore, fewer than half the cues were associated with words that had been studied. Items were ordered randomly on the test. Subjects were told that they were performing a free association task and that there were no right or wrong answers. They were told that they would be given 20 sec in which to write the first six words they generated in response to each cue. After each 20 sec, a tone sounded on their computer, signaling them to go to the next cue. As in all of the cued tests in this report, subjects were given cover sheets and asked not to work ahead or go back to any previous items, and the cue always appeared both on the computer screen and the test sheet.
Subjects in the word stem completion condition were given 42 stems to complete with the first word that came to mind. The 42 stems consisted of 18 critical items (6 from each of the 3 study conditions), 18 standard items (stems corresponding to list words drawn from positions other than 1, 4, and 12 in the lists-one from each list), and 6 filler items. Therefore, only 18 stems corresponded to words that had been presented during the study phase. Subjects were given 12 sec to complete each stem and were asked to keep pace with the computer.
In summary, all subjects studied 12 lists of words; in half the lists, the critical item was presented, and in the other half it was not. Subjects then took one of three tests: free recall, word association, or word stem completion. Results for each experiment are discussed in turn.
Results and Discussion of Experiment 1: Free Recall
Shown in Figure 1 are the proportions of items recalled as a function of serial position and study condition. The serial position functions for the two conditions are highly similar, with one exception: recall of the item presented in the fourth serial position. When the critical associate had been presented in the list, it was very well remembered [.42, compared with .19 when it had not been presented; t(59) ϭ 6.03, SEM ϭ .038].
The other points on the serial position curves should look similar because the lists differed only in the particular item that occurred in the fourth serial position. Consistent with past observations, recall of the critical item when it had not been presented in the list occurred with about the same probability (.19) as recall of items from the flat part of the serial position curve (.16 for items in positions 5-12).
Experiment 1 succeeded in showing that this modified study procedure produced robust false recall. The results also show that the probability of veridical recall of the critical word (when it had been presented in the list) was much greater than the probability of false recall of the same item (when it had been omitted from the list). Therefore, whereas the critical nonpresented associate was recalled with the same probability as other studied items, it was not recalled as if it had been studied in the list.
Results and Discussion of Experiment 2: Word Association
Results from this experiment were straightforward: Reliable priming of the critical words was observed both when the words had been presented in the list [M ϭ .08, t(59) ϭ 3.05, SEM ϭ .026] and when they had not been presented [M ϭ .08, t(59) ϭ 2.91, SEM ϭ .027]. Further, priming of the critical word did not differ as a function of whether or not it had been presented [t(59) < 1]. Priming occurred above the baserate level of production of .10 for critical words in the nonstudied lists. Unlike in the free recall data, the critical nonpresented items did not differ as a function of the presented/not presented variable; this dissociation between the two conceptual tests suggests that the implicit test probably was not contaminated by intentional recollection. Experiment 3 addressed whether the same pattern of priming would be found on a perceptual implicit memory test.
Results and Discussion of Experiment 3: Word Stem Completion
Shown in the top three rows of Table 1 are the results for the critical items as a function of whether or not the items had been present (in position 4) in the study list. An inspection of the results suggests that priming existed in both conditions, although to a lesser extent in the nonpresented condition. Statistical analyses indicated that there was reliable priming (.10) of the critical presented items [t(59) ϭ 2.89, SEM ϭ .035], but that priming of the critical nonpresented items (.05) was only marginally significant [t(59) ϭ 1.36, SEM ϭ .037, p ϭ .09]. The difference between the two conditions (presented and nonpresented) was also marginally significant [t(59) ϭ 1.42, SEM ϭ .035, p ϭ .08].
Although results from this experiment are not definitive, a tentative conclusion is that some intermediate amount of priming did occur for the nonpresented items, but that perhaps the priming produced by presented items was not robust enough to allow for statistical detection of an intermediate value. Because perceptual priming is often obtained in the 20% range, it is informative to examine the priming scores for the standard list words, or those that were neither critical items nor items sometimes replaced by critical items. Results for these items can be seen in rows 4 and 5 of Table 1 ; .19 priming occurred for these items. Further, a t test between the prim- 
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Presented Nonpresented ing levels of critical presented items and standard presented items revealed a significant difference [t(59) ϭ 2.27, SEM ϭ .048]. Therefore, one reason for the failure to observe reliable differences in priming for the critical items that were or were not presented might be low levels of priming for these items (e.g., they are generally highfrequency words, which tend to produce less priming; see Roediger & McDermott, 1993 , for a review).
EXPERIMENT 4
Due to the ambiguous nature of the results in the word stem completion experiment, Experiment 4 was performed, with word fragment completion. The goal of the experiment was to use a different perceptual implicit memory test to try to obtain more definitive results with respect to whether perceptual priming occurs for the critical nonpresented items; further, it was hoped that the priming of presented critical items might be more robust than in Experiment 3, thus allowing for a detection of possible differences between the presented and nonpresented conditions.
Method
Subjects. One hundred recruits from Lackland Air Force Base were tested in groups of 40 or fewer.
Design and Materials. Sixteen critical words were chosen, and the corresponding fragments were normed (on a separate set of 100 subjects) so that the baseline completion rates would approximate .30. Each subject studied 80 words (sets of 10 words, constructed around 8 critical items); eight lists were not studied so that nonstudied completion rates against which priming was measured could be obtained. The presented/nonpresented variable of the critical items was manipulated between subjects.
The test consisted of 32 fragments, 16 of which corresponded to critical items (8 of which corresponded to studied lists, 8 to nonstudied lists), and 16 of which were standard items (8 corresponding to studied lists, 8 to nonstudied lists). Fragments were ordered randomly on the test sheet.
Procedure. Subjects were told that they were participating in a study about word comprehension and that they should pay close attention to the words presented because they would later be asked questions about the words. The words were presented in clusters of 10 (grouped according to list), and subjects were prompted to press the Enter key after each group of 10 words. The words were presented at a 5-sec rate.
At the time of test, subjects were told that they would later receive questions about the presented words, but first they were to complete some word puzzles. They were asked to fill in one letter per blank to form the first English word to come to mind that fit each fragment. They were informed that the task was difficult and that no one was expected to be able to do every puzzle. They were asked to spend 20 sec on each fragment, paced by a tone on the computer. Subjects were instructed to always work on the fragment corresponding to the one on the computer screen and to proceed to the next fragment at the tone.
Results
Results of this experiment appear in the bottom half of Table 1 . Reliable priming of the critical items occurred both when they had been present in the list [M ϭ .14, t(59) ϭ 4.23, SEM ϭ .033] and when they had not been present [M ϭ .10, t(59) Priming of the standard items showed a difference of similar magnitude (.25 priming for the subjects in the presented condition and .20 priming for the subjects in the nonpresented condition). This difference, though, also failed to reach significance [t(98) ϭ 1.02, SEM ϭ .049]. Because there is no logical reason the two subject groups should differ in priming of these standard items as a function of whether or not the critical item had appeared in the list, it could simply be that the subjects in the presented condition showed a slightly (but nonsignificantly) higher tendency for priming (both of the standard and critical words).
However, because there are solid theoretical reasons to expect priming of the presented critical items to exceed that of the nonpresented critical items, and because numerical differences in this direction were obtained in both perceptual priming experiments, a reasonable approach is to combine across the two tests (word stem and word fragment completion) in an attempt to resolve the issue of whether priming of the critical item differed as a function of the presented/nonpresented variable. Following Winer (1962, p. 44) , χ 2 was calculated on the t values for both experiments. This procedure indicated highly reliable differences between the presented and nonpresented conditions [χ 2 (4) ϭ 8.85], as well as highly reliable priming of the critical nonpresented items [χ 2 (4) ϭ 18.63]. Therefore, the conclusion endorsed here is that priming of the critical nonpresented items was less robust than priming of the same items when they had been presented in the list.
GENERAL DISCUSSION
The four experiments reported here reveal several new findings. On a final free recall test, when the critical linking items appeared in the study list, these words were recalled at a level far superior to recall of the other studied words. When they did not appear in the list, they were recalled at about the same level as studied items, which replicates past work (e.g., Roediger & McDermott, 1995) . Therefore, although the critical nonpre- sented words behaved much like words that had been studied, it is not true that these critical words behaved as though they themselves had been studied. Second, reliable priming of the critical nonpresented item occurred on a conceptual implicit memory test; further, the level of priming was indistinguishable from that of the same items when they had occurred in the study list. Third, perceptual priming occurred for the critical nonpresented items. Whether the magnitude of this priming was equivalent to that of the studied items cannot be conclusively resolved by this data set, but priming for the critical nonpresented words appears to be less than for studied words. Regardless, it is noteworthy that perceptual priming of the critical nonpresented items does occur. The findings reported here have implications for theories of conceptual priming by adding to the few studies that dissociate conceptual memory tests (Cabeza, 1994; McDermott & Roediger, 1996) . That is, presenting the critical associate doubled the level of free recall of that associate (relative to presenting the relevant list but not the critical linking associate); conversely, these two conditions resulted in identical levels of priming on the conceptual implicit memory test. Therefore, the idea, once endorsed under the transfer appropriate processing framework (see, e.g., Roediger & Blaxton, 1987) , that all conceptual tests should behave in a way similar to free recall is too simplistic.
With respect to theories of false memories, the results are consistent with the interpretation that the critical nonpresented item comes consciously to mind during the study phase in this procedure. Because implicit semantic activation alone generally leads to no perceptual priming, we would expect no perceptual priming if the items did not come to mind consciously. Clearly reliable perceptual priming was obtained for the critical nonpresented items, suggesting conscious activation of the critical nonpresented items at study, at least for some lists. This claim is consistent with the finding of high levels of remember judgments for critical nonpresented items (e.g., Roediger & McDermott, 1995; Payne, Elie, et al., 1996; Schacter, Verfaellie, & Pradere, 1996) and Mather et al.'s (1997) finding that subjects claim to have rehearsed the items in the study phase.
For both word stem and word fragment completion, more priming occurred for the standard studied items than for the critical studied items. There are two possible explanations for this effect. The first possibility is that some feature of the critical items led to a reduced level of priming for these items. One such feature might be the frequency of critical items, which was substantially higher than that of the standard studied items (M ϭ 74.7 and 30.7 in Experiment 3 for critical and standard items, respectively, and M ϭ 107.1 and 26.3 for critical and standard items in Experiment 4; Kučera & Francis, 1967) . A second, more interesting, possibility is that this difference is due to a difference in perceptual processing in the study phase. It could be that the critical items required less perceptual processing for their resolution in the study phase because they were expected in the context of the study list. This hypothesis is supported by the findings that reading an item in context sometimes leads to less perceptual priming than does reading the same item in isolation (see, e.g., Jacoby, 1983) . Of course, no definitive statements can be made with respect to this possibility on the basis of the present data, but it does suggest an interesting avenue of investigation for future research.
